Background: Web-based smoking cessation interventions can deliver evidence-based treatments to a wide swath of the population, but effectiveness is often limited by insufficient adherence to proven treatment components. This study evaluated the impact of a social network (SN) intervention and free nicotine replacement therapy (NRT) on adherence to evidence-based components of smoking cessation treatment in the context of a Web-based intervention. Methods: A sample of adult U.S. smokers (N = 5290) was recruited via BecomeAnEX.org, a free smoking cessation Web site. Smokers were randomized to one of four arms: (1) an interactive, evidence-based smoking cessation Web site (WEB) alone; (2) WEB in conjunction with an SN intervention designed to integrate participants into the online community (WEB+SN); (3) WEB plus free NRT (WEB+NRT); and (4) the combination of all treatments (WEB+SN+NRT). Adherence outcomes assessed at 3-month follow-up were as follows: Web site utilization metrics, use of skills training components, intratreatment social support, and pharmacotherapy use. Results: WEB+SN+NRT outperformed all others on Web site utilization metrics, use of practical counseling tools, intratreatment social support, and NRT use. It was the only intervention to promote the sending of private messages and the viewing of community pages over WEB alone. Both social network arms outperformed WEB on most metrics of online community engagement. Both NRT arms showed higher medication use compared to WEB alone. Conclusions: This study demonstrated the effectiveness of two approaches for improving adherence to evidence-based components of smoking cessation treatment. Integrated approaches to medication provision and social network engagement can enhance adherence to components known to improve cessation. Implications: This study demonstrated that an integrated approach to medication provision and social network integration, when delivered through an online program, can enhance adherence
Introduction
Web-based smoking cessation interventions can help reduce the population prevalence of smoking. They are well suited to deliver the core components of evidence-based cessation treatment recommended in national treatment guidelines 1 : (1) Skills training information and feedback can be tailored and produced immediately; (2) Social support from peers and experts can be provided in online communities; and (3) Information about pharmacotherapy and medication can be delivered efficiently through automated systems, including tailored guidance for medication selection and dosing. In addition, Web-based interventions can reach and engage large numbers of smokers given their accessibility, scalability, and cost effectiveness. [2] [3] [4] Their effectiveness has been demonstrated in numerous systematic reviews and meta-analyses, [5] [6] [7] [8] yet the mechanisms by which Web-based interventions promote abstinence remain poorly understood. The majority of studies conducted have focused on the comparative effectiveness of Web-based interventions, 5 with few trials designed specifically to test hypotheses about mechanisms of action. [9] [10] [11] [12] Moving beyond a singular focus on outcomes to understand how and why interventions influence abstinence-the core focus of implementation science [13] [14] [15] -will enable faster and more efficient optimization of Web-based interventions. 10, 16 Adherence to an intervention is a primary determinant of the effectiveness of smoking cessation treatment. 1 For Web-based interventions, adherence is typically measured by overall Web site utilization metrics (eg, Web site logins, page views, and features used). [17] [18] [19] Observational studies have confirmed that greater utilization of Web-based cessation interventions is associated with a higher probability of abstinence. [20] [21] [22] [23] [24] [25] Only a few experimental studies have attempted to directly influence abstinence by promoting engagement, and results have been mixed. Strecher and colleagues 12 and McClure and colleagues 10, 26 examined the impact of specific Internet program features on engagement and abstinence. Strecher tested personalized message source, tailored outcome expectations, efficacy expectations, success story messages, and either fully available or sequentially available program content. McClure tested message tone, navigation autonomy, E-mail reminders, and receipt of personally tailored testimonials. Both trials demonstrated increases in engagement with the program elements that were tested, but only Strecher found that higher levels of engagement translated to increased abstinence rates.
Building on the work of Strecher, 12 McClure 10, 26 , and others, 27, 28 this study was a pragmatic randomized trial 29 specifically designed to advance implementation science by examining how different interventions drive adherence to the core components of evidence-based cessation treatment (skills training, social support, and pharmacotherapy). The first intervention drew upon Social Cognitive Theory and evidence that observation, modeling, and adjustment to community norms are powerful influences on behavior [30] [31] [32] and engagement with online interventions. 28 We used a social network approach designed to increase the proportion of smokers who participate in and become integrated into an existing online social network. We hypothesized that increasing an individual's social ties and exposure to social influence would encourage ongoing community engagement, accelerate information seeking, and prompt and reinforce use of nicotine replacement therapy (NRT) and skills training tools. The second intervention provided free access to NRT. Removing initial cost and access barriers can introduce pharmacotherapy to smokers who might not otherwise try it and induce a quit attempt. 33 Covering the cost of NRT may also result in greater adherence to recommended dosage and duration of use, 34 as well as greater engagement with the Web site and community as an ancillary benefit of information seeking regarding NRT.
Thus, the overall aim of this study was to evaluate the comparative effectiveness of a social network (SN) intervention and free NRTalone and in combination-on increasing adherence to the three evidence-based components of smoking cessation treatment. 1 The primary outcome of interest was treatment adherence, defined and measured as (a) overall treatment "dose" received (general Web site utilization metrics), (b) use of skills training treatment components (interaction with static and interactive features on the Web site), (c) exposure to intratreatment social support (engagement in the online community), and (d) use of pharmacotherapy. We hypothesized that both the SN and NRT interventions would increase treatment adherence and that the combined intervention would yield larger increases in adherence than either intervention alone. Grounded in an implementation science framework, 13, 14, 35 this paper is purposefully focused on understanding how interventions enhance treatment adherence as a necessary and sufficiently complex first step toward improving treatment effectiveness. The impact of enhanced adherence on smoking cessation outcomes will be reported in a separate manuscript.
Methods

Study Design
The full study protocol has been published elsewhere. 36 Briefly, this study compared the effectiveness of an evidence-based smoking cessation Web site (WEB) alone and in conjunction with (1) a theory-driven, empirically informed social network (SN) intervention designed to integrate participants into the online community and (2) access to an initial course of free NRT. Using a 2 (SN, no SN) × 2 (free NRT, no NRT) randomized, controlled factorial design with repeated measures at baseline and at 3 and 9 months, participants were randomized to WEB, WEB+SN, WEB+NRT, or WEB+SN+NRT. The study protocol was approved by Western Institutional Review Board.
Recruitment and Enrollment
Participants were new registered users of BecomeAnEX.org, a free, publicly available smoking cessation Web site. Eligibility criteria were current smoking, age 18 years or older, and U.S. residence.
Exclusion criteria included contraindications to NRT (pregnant or breastfeeding, recent cardiac problems, and current NRT use). Enrollment was automated using a Web-based clinical trials management system. Immediately following registration on BecomeAnEX, participants were shown an invitation that briefly described the study. Interested participants completed online eligibility screening followed by informed consent. Upon completion of a Web-based baseline survey, participants were randomized to treatment, stratified by gender and baseline motivation to quit.
Interventions
Smoking Cessation Web Site (WEB) Participants had full access to the BecomeAnEX Web site which was developed in collaboration with Mayo Clinic Nicotine Dependence Center, 37 in accordance with the U.S. Public Health Service Clinical Practice Guidelines. 1 The site helps users develop problem-solving and coping skills, educates users about effective cessation medications, and delivers social support as part of treatment. Educational content focuses on preparing for quit day, coping with slips, and preventing relapse, and a series of videos explain nicotine addiction and how medication can help. BecomeAnEX guides and supports smokers through the following interactive components: a series of Addiction Videos which provides information on pharmacotherapy; a Quit Date tool that assists users in selecting a quit date; a Build Your Support System exercise to identify helpful supporters; a Beat Your Smoking Triggers exercise to identify strategies to dissociate cigarettes from triggers; a Cigarette Tracker exercise to identify smoking triggers; a Choose a Quit Smoking Aid exercise, in which users indicate their plans for pharmacotherapy use; and Community, a large online network of current and former smokers who communicate via private messages and public posts in blogs, groups, forums, and on member profile pages.
Social Network Intervention
Participants received proactive communications from three established members of BecomeAnEX ("Integrators") who were longstanding, very active members of the community. Selection and recruitment of these Integrators has been described elsewhere. 36 The overarching goal of these communications was to facilitate the integration of new members into the BecomeAnEX online social network. Within 24 hours of study enrollment, the Integrators posted a public message on a new member's personal BecomeAnEX profile page ("wall") to welcome them, encourage them to fill out their profile, or comment on some aspect of their profile. Integrators did not receive any formal training in cessation treatment and were instructed not to address questions or comments specifically about cessation other than to encourage participants' efforts and direct them to relevant content and tools on the Web site.
Nicotine Replacement Therapy Intervention
Participants were mailed a free 4-week supply of the NRT product of their choice (patch, gum, or lozenge) within 3 days of randomization. NRT was provided as an over-the-counter product to parallel the experience subjects would have if they purchased NRT on their own. To facilitate accurate reporting of product use at the follow-up assessment, a printed calendar was included with the NRT shipment for participants to record product use.
Data Collection
Data on treatment adherence were obtained through three sources: automated tracking data of general utilization metrics gathered through Omniture/Adobe Analytics software, 38 use of specific Web site components stored in unified event logs, and self-report followup data. All metrics were extracted at 3 months postrandomization since this is typically the period during which Web site utilization is highest. [39] [40] [41] Omniture/Adobe Analytics is a Web analytics tool that is used to monitor BecomeAnEX. It allows for reliable capture of general Web site utilization metrics. Unified event logs track user behavior across platforms (ie, Web site or mobile site) and store the source of the action and the date/time of its occurrence. Self-report data were gathered via mixed-mode follow-up (online surveys, telephone for online nonresponders, and mailed survey for those unreachable by telephone). Mailed reminders sent prior to each follow-up and monetary incentives for survey completion were used to maximize follow-up rates. Automated tracking data were available for all participants; self-report data were available only for those reached at 3 months.
Measures
General Web Site Utilization Metrics
Number of return visits to the Web site following registration, total number of pages viewed, and number of minutes spent using the site were examined as general Web site utilization metrics.
Use of Skills Training Components
The total number of page views related to use of skills training content and interactive exercises was extracted from BecomeAnEX event logs. In addition, data on use/nonuse of the following components were extracted: (1) 
Use of Social Support
The following metrics of engagement in the BecomeAnEX Community were examined as metrics of intratreatment social support: whether the participant visited the Community, total number of Community page views, whether they made a wall post, whether they viewed member profiles, whether they wrote a blog, whether they read others' blogs, whether they commented on a blog, and whether they sent private messages.
Use of Pharmacotherapy
At 3 months, participants were asked about their use of medication. Participants were first queried about medication provided by the study (receipt of NRT from the study, use of study-provided NRT, and the number of days study-provided NRT was used). Next, participants reported whether they had obtained any cessation medication on their own. Those who had were subsequently asked about use of NRT (patch, gum, lozenge, spray, inhaler), Zyban/bupropion, and Chantix/varenicline.
Statistical Analyses
The aim of this study was to evaluate the comparative effectiveness of WEB+SN, WEB+NRT, and WEB+SN+NRT for increasing treatment adherence versus WEB alone at 3 months postrandomization. Treatment adherence was operationalized as general Web site utilization metrics, use of skills training components on the Web site, intratreatment social support via the community, and pharmacotherapy use. Our primary hypothesis was that all three intervention groups would outperform the control group for all outcomes of interest. This hypothesis was tested by first conducting an omnibus test of any between-group differences using chi-square statistics for categorical variables and Kruskal-Wallis one-way analysis of variance for continuous variables. Significant omnibus differences were followed by examination of pairwise contrasts for each intervention group against the control group, using chi-square tests for categorical variables and Wilcoxon two-sample rank-sum tests for continuous variables. Our secondary hypothesis was that the combined intervention WEB+SN+NRT would have a greater impact on the outcomes of interest than either one of the single intervention arms, WEB+SN or WEB+NRT. Of note, this hypothesis was also nested within the hypothesis of any between-group differences and was only evaluated if the omnibus test was significant. To control family-wise type I error at alpha = 0.05 across all five comparisons of interest, we used a significance threshold of alpha = 0.01 for these comparisons.
Results
The study CONSORT diagram has been published elsewhere. 42 Briefly, 20 670 individuals were screened, 11 022 were eligible (53%), and 5290 (48% eligible) were randomized to the final sample. Reasons for ineligibility were as follows: 1043 not current smokers, 1095 under 18 years of age, and 7510 with contraindication to NRTs. Baseline characteristics of the sample have been previously reported and approximate the characteristics of nationally representative samples of treatment-seeking smokers. 42 The enrolled sample was 60.8% female, 80.1% White, 94.4% non-Hispanic, and 72.6% with at least some college education. Mean age was 41.8 years (SD = 13.2) and 93.5% reported daily internet use. Participants were daily smokers (96.2%) who smoked an average of 16.6 cigarettes per day (SD = 8.5), and the majority (83.0%) planned to quit in the next 30 days. There were no significant differences on any baseline characteristics between treatment arms. The overall follow-up rate at 3 months was 62.3%: by treatment arm, rates were 58.4% (WEB), 56.3% (WEB+SN), 68.7% (WEB+NRT), and 66.0% (WEB+SN+NRT). A higher percentage of participants were reached in the two NRT arms than in the other two arms (67.3% vs. 57.4% respectively, p < .001).
Treatment arm differences in general Web site utilization metrics (visits and time), skills training tools, and use of intratreatment social support are summarized in Tables 1 and 2 for the overall randomized sample (N = 5290). In addition, the use of smoking cessation medications and other cessation treatments is summarized in Tables  3 and 4 (respectively) for the overall 3-month responder sample (N = 3297). Omnibus p values are shown in the rightmost column. Pairwise differences of the three intervention arms against the control arm are highlighted using the letters a/A if they are significant at the two-sided α = 0.01 and α = 0.001 levels, respectively. Pairwise differences of single intervention arms (WEB+SN, WEB+NRT) against the combined intervention arm (WEB+SN+NRT) are highlighted using the letters b/B if they are significant at the two-sided α = 0.01 and α = 0.001 levels, respectively.
Treatment Effects on General Web Site Utilization
Omnibus testing suggested that study arms differed in terms of all three Web site utilization metrics listed in Table 1 (return site visits, total page views, and time on site). Examination of pairwise contrasts revealed that all three intervention arms outperformed the control arm on all metrics (p < .01). Additionally, the combined intervention arm outperformed both of the single intervention arms across all metrics (p < .001). As a result, study findings provided support for both hypotheses of interest in terms of increasing general metrics of Web site utilization.
Treatment Effects on Use of Skills Training Components
Intervention effects were also seen in terms of promoting the use of skills training components on BecomeAnEX. Only WEB+SN+NRT outperformed WEB in the use of all seven components listed in Table 1 (p < .001), whereas WEB+NRT outperformed WEB in four of these components: skills training page views, watching Addiction Videos, using the Quit Date tool, and using the Build Your Support System tool. WEB+SN had the smallest impact on the use of skills training components, with statistically significant improvements compared to WEB limited to a 5% increase in the proportion of study participants watching Addiction Videos. As for differences between the combined and single intervention arms, WEB+SN+NRT outperformed WEB+SN in all aspects of skills training, other than the watching of Addiction Videos. No differences were observed between WEB+SN+NRT and WEB+NRT in use of any of the skills training components.
Treatment Effects on Use of Intratreatment Social Support
Omnibus testing indicated that the four study arms differed across all eight metrics of community engagement listed in Table 2 . Pairwise contrasts revealed that the WEB+SN+NRT arm outperformed the control arm on all metrics of community engagement. In particular, it was the only intervention arm to have significantly promoted use of private messages and community page views among community users. Both WEB+SN and WEB+NRT increased the proportion of users who visited the community and made a wall post compared to WEB. WEB+SN additionally promoted profile views and blog comments, whereas WEB+NRT promoted the reading of blogs. As for differences between the combined and single intervention arms, WEB+SN+NRT outperformed WEB+NRT in all aspects of community engagement, other than community page views among visitors to the community. It also outperformed WEB+SN in terms the proportion of users who visited the community, made a wall post, and made or read a blog post.
Treatment Effects on Smoking Cessation Medication Use
Omnibus testing revealed the presence of significant between-group differences in the use of any cessation medication (ie, considering both study and non-study) at 3 months (Table 3 ). Significant pairwise differences indicated higher medication use in both study arms that received NRT compared to the control arm (p values < .001), while WEB+SN did not increase the use of cessation medication over WEB. With regard to non-study medication, use was higher in WEB+SN compared to WEB+SN+NRT (p < .01), but the two arms in which study NRT was provided did not differ from each other.
Treatment Effects on Use of Other Cessation Treatments
Although provided in Table 4 for completeness, no differences were detected between study arms in the use of other quit methods. Omnibus tests failed to attain even nominal levels of statistical significance. As a result, we did not examine the significance of any pairwise contrasts. The quit methods used most commonly among participants were e-cigarettes (37.1%), switching brands/cutting back (35.8%), and pamphlet/book (16.3%).
Discussion
Adherence to Web-based smoking cessation interventions-and to Internet health behavior change programs more broadly-is a welldocumented challenge. [17] [18] [19] 27, 31, 40, 41, 43 Less well understood are what strategies are effective in increasing adherence or engagement to digital interventions. This trial examined the impact of two intervention strategies on adherence to the core components of cessation treatment in an online intervention. The SN intervention was very effective in increasing overall Web site utilization and both active and passive engagement in the community, but did not yield significant increases in the use of skills training components or cessation medication. The NRT intervention was very effective in increasing overall Web site utilization, the use of some of the skills training components, community engagement, and NRT uptake. The combined intervention yielded the strongest effects across all metrics of treatment adherence.
To our knowledge, this is the first study to attempt to influence the formation of social ties in an online network using some of its existing members. These "Integrators" served as a "welcome wagon" to expose new study participants to the nature of the community and to encourage them to browse. This approach is increasingly common in online community management, [44] [45] [46] [47] but has not previously been tested experimentally. Proactive outreach from Integrators in this study resulted in significant increases in treatment intensity across all three Web site utilization metrics (return visits, page views, and time on site). This outreach also triggered a significant increase in the proportion of participants who visited the community in the single intervention arm. Slightly over half of participants randomized to that arm visited the community at least once, a necessary precursor to any additional support or influence that may be gleaned from ongoing community engagement. The strongest effects of the social network intervention on community engagement were observed on profile views and wall posts. Given that the intervention itself was delivered via wall posts, these increases serve as a fidelity check that participants were aware of and responded to the intervention. It is also noteworthy that the intervention increased the proportion of study participants who participated actively in the community by posting a blog or commenting on others' blog posts. While the overall proportion of individuals who participated in this manner remained below 10%, active communication among only a minority of members is typical of most online networks. 48 In addition to increasing individual-level treatment adherence, the social network intervention represents a scalable and promising approach that may help ensure the health of an online social network by maintaining a steady volume of user-generated content. Other studies have documented the characteristics of online social network "super-users"; 24, 49, 50 to our knowledge, this is the first study to demonstrate the effectiveness of a social network approach that draws on super-users to increase initial levels of engagement in an online community for smoking cessation.
It is noteworthy that the free course of NRT increased the use of skills training. Unlike the SN intervention, NRT increased the percentage of users who used the Quit Date tool, suggesting that NRT may have triggered a greater proportion of users to make a quit attempt. Increased use of skills training components may have been driven by the higher rate of quit attempts as participants sought information .118
Use of non-study medication Any non-study medication use, n (%) .028
The table only includes data from participants who completed the 3-month follow-up assessment.
1
Includes study and non-study, prescription medication and NRT. 2 Among WEB+NRT and WEB+SN+NRT participants who received study NRT; excludes 1 participant in the WEB arm that was inadvertently sent study NRT. 3 Among those who reported study NRT use. about preparing to quit and using NRT. We also saw a boost in community engagement above WEB alone, but to a lesser extent than the SN intervention. Higher levels of community engagement in the WEB+NRT arm may have been partially driven by information seeking from peers about NRT. To our knowledge, this is the first study to observe increases in skills training and social support as a result of providing free NRT. Not surprisingly, there was a dramatic boost in the use of medication in the WEB+NRT and WEB+SN+NRT arms. Only about one-third of participants in WEB and WEB+SN used any cessation medication, which is consistent with national surveys. 51, 52 In contrast, 84% of participants in the WEB+NRT and WEB+SN+NRT arms used any cessation medication. These findings highlight the fact that provision of NRT through a Web-based system-whether as part of a study or integrated into a population-based cessation programcan substantially decrease logistic barriers. 53 We hypothesized that the social network intervention would increase medication adoption based on communication of social norms. The fact that reported cessation medication use rates of 28.7% (WEB) and 30.6% (WEB+SN) were not significantly different may be related to community-specific norms around medication, or to the medication views of the Integrators themselves. Understanding the nature of medication-related communications that participants were exposed to is an important area for further research before concluding that a social network approach is not effective in increasing adherence to pharmacotherapy.
Several limitations of this study should be noted. First, the followup rates ranged from 56% to 69% across arms, suggestive of differential attrition. While these follow-up rates are higher than those achieved in other Internet cessation trials, 5, 6 our ability to assess the use of medication and other quit methods was affected by loss to follow-up. Study attrition did not impact assessment of general Web site utilization, use of skills training components, and community use where we have complete tracking data on all users. Second, this study did not specifically examine intratreatment social ties through formal social network analyses. Thus, we are not able to discern whether the increase in treatment adherence in the social network arms is a result of ties formed exclusively with study Integrators or the extent to which the SN intervention resulted in the formation of ties with other members of the social network. Formal social network analyses in conjunction with an examination of utilization metrics will provide important insights to address this question.
Finally, although the interventions tested yielded statistically significant increases in treatment utilization, the practical significance may be considered more modest. It is important to note that brief engagement with an Internet program may not necessarily indicate failure: Some participants may disengage after successful cessation or finding the information they desired. 54 Given the intractable nature of digital engagement, we are encouraged by these findings.
Despite these limitations, this study has important implications for implementation science generally and the study of Internetbased behavior change interventions in particular. Several reviews have called for more research on the factors that influence use of proven treatments. 14, 55 This study demonstrated the effectiveness of two approaches for improving adherence to the evidence-based components of smoking cessation treatment in the context of a Web-based intervention. The social network approach used in this trial is commonly seen in online communities, is highly scalable, and could be easily implemented by lay members of an existing community. NRT is often part of population-based cessation programs 56 and can be delivered easily as part of either telephonic or Web-based interventions. Its delivery in this study mimicked realworld conditions, providing promising evidence for the benefit of pharmacotherapy on the uptake and use of other cessation treatment components. Taken together, the positive effects observed for the single and combined intervention arms on general and feature-specific metrics of treatment adherence provide an important foundation for future research to optimize Web-based cessation interventions.
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